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(57) ABSTRACT

An electromechanical linear actuator includes a threaded
drive which has a threaded spindle and a threaded nut. The
threaded spindle 1s coupled to a hollow shatt of an electric
motor via a rotationally fixed connection. The threaded nut
1s fastened to a linearly movable extension tube. In a
maximally retracted state of the extension tube, the threaded
nut 1s retracted at least 1n portions, preferably completely,
into the interior of the hollow shatt. During operation of the
linear actuator, the threaded spindle rotates and 1s not moved
linearly. The threaded nut does not rotate and 1s moved

linearly.

14 Claims, 3 Drawing Sheets
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ELECTROMECHANICAL LINEAR
ACTUATOR WITH HOLLOW SHAFT
MOTOR

This application claims priority under 35 U.S.C. § 119 to
application no. DE 10 2022 206 871.8, filed on Jul. 6, 2022
in Germany, the disclosure of which is imncorporated herein
by reference in its entirety.

The present disclosure relates to an electromechanical
linear actuator, which can also be referred to as an electric
cylinder, and 1n which a rotational drive movement of an
clectric motor 1s converted by way of a threaded drive mto
a translational or linear output movement.

BACKGROUND

DE 199 48 265 C2 discloses such an electromechanical
linear actuator, the electric motor of which 1s designed as a
hollow shaft motor. Viewed 1n the axial direction, next to the
electric motor, the threaded nut 1s fastened to the hollow
shaft of said motor. The threaded nut thus rotates together
with the hollow shaft, while the threaded spindle 1s moved
only linearly and does not rotate. A disadvantage of such
clectromechanical linear actuators 1s that the axial installa-
tion space requirement of the stationary housing of the linear
actuator 1s large due to the arrangement of the electric motor
and threaded nut, which 1s adjacent viewed in the axial
direction.

DE 43 00 512 B4 discloses two embodiments of an
clectromechanical linear actuator that 1s used as a fuel pump.
In the two embodiments, a ball screw drive 1s used 1n each
case. In the second embodiment, the motor shaft of the
clectric motor, which 1s made of solid material, 1s integrally
tormed with the threaded spindle, which, with a stationary
sleeve serving as a threaded nut, forms the ball screw drive.
The threaded spindle thus rotates and 1s moved linearly. In
the first embodiment of DE 43 00 512 B4, 1n contrast, an
clectric motor 1s provided with a hollow shaft that at the
same time forms the rotating threaded nut of the spindle
drive. The threaded spindle 1s thus moved only linearly and
does not rotate. Because the electric motor 1s arranged on the
outer circumierence of the threaded nut, the ratio between
the retracted state and the extended state of the linear
actuator 1s, 1n principle, maximized compared to that of the
second embodiment and compared to that of DE 199 48 265
C2.

The patent specification EP 2 584 222 B1 shows the part
of an electric cylinder that 1s designed for coupling to a
separate, non-integrated electric motor. The threaded spindle
rotates, but 1s not moved linearly. Instead, an extension tube
1s moved linearly. Compared to the linear actuators men-
tioned above, the linear actuator having the extension tube
has the advantage that the threaded spindle, which 1s com-
plex mechanically and to manufacture, 1s accommodated
within the extension tube and 1s thus protected against dirt
and mechanical damage.

The object of the present disclosure i1s to provide an
clectromechanical linear actuator mm which the threaded
spindle protected by the extension tube according to the
principle of EP 2 3584 222 B1 i1s combined with the maxi-
mized length ratio between the extended state and the
retracted state of the first embodiment of DE 43 00 512 B4.

This object 1s achieved by an electromechanical linear
actuator having the features set forth below.
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Advantageous embodiments thereol are also set forth
below.

SUMMARY

The electromechanical linear actuator of the present dis-
closure includes a threaded drive that has a threaded spindle
and a threaded nut. The threaded spindle 1s coupled to a
hollow shaft of an electric motor via a rotationally fixed
connection (e.g. a positive-fit entrainment). The threaded nut
1s fastened to a linearly movable extension tube. In a
(maximally) retracted state of the extension tube, the
threaded nut 1s retracted at least in portions, preferably
completely, into the interior of the hollow shait, on the outer
circumierence of which the windings of the electric motor
are situated. During operation of the linear actuator, the
threaded spindle rotates and 1s not moved linearly. The
threaded nut does not rotate and 1s moved linearly. The
threaded nut effectively pushes the extension tube fastened
thereto 1n the direction of the extended position or pulls the
extension tube back into the retracted position. The threaded
spindle 1s protected from dirt and mechanical damage by the
extension tube. Since the threaded nut, in the retracted state,
1s enclosed by the hollow shaft and this in turn 1s enclosed
by the windings of the electric motor, the axial installation
space of the electric motor 1s used for the stroke of the linear
actuator and the extension tube can be retracted further. This
maximizes the ratio of the length of the linear actuator 1n the
extended state to the length 1n the retracted state.

The thread drive can be a threaded roller screw drive or
a ball screw drive or a planetary (roller) screw drive.

In the retracted state, the extension tube can be accom-
modated at least largely, preferably substantially, 1n a hous-
ing, ¢.g. 1 a first housing tube. The extension tube 1s then
preferably guided 1n the housing by way of a plain bearing.

The housing preferably has a first housing tube and a
second housing tube, wherein the first housing tube has a
reduced diameter compared to the second housing tube. The
clectric motor 1s then arranged 1n the second housing tube,
and the plain bearing 1s arranged on the 1nner circumierence
of an end portion of the first housing tube.

Since the threaded nut (in contrast to the first embodiment
of DE 43 00 512 B4) 1s not driven, the heat retention and the
service life can be improved by o1l lubrication and by better
sealing options. A sealing of the threaded nut 1s formed, for
example, by the first housing tube.

The rotationally fixed connection is arranged on the end
portion of the hollow shaft facing away from the extension
tube, and, i1n the retracted state of the extension tube,
adjacent to the threaded nut.

A spindle support, via which the threaded spindle 1is
rotatably mounted in the extension tube, 1s preferably
arranged on an end portion of the threaded spindle facing
away from the rotationally fixed connection. The extension
tube 1s also guided linearly along the end portion of the
threaded spindle via the spindle support. The spindle end
support may rotate with the end portion of the threaded
spindle relative to the extension tube, or 1t may not rotate.

A holding brake, by way of which the threaded spindle
can be fixed relative to the housing, can be arranged on the
side of the rotationally fixed connection facing away from
the hollow shatt.

A bearing, preferably a fixed bearing, preferably in the
form of two tapered roller bearings or spherical roller
bearings in an O-configuration, can be arranged on the side
of the rotationally fixed connection facing away from the
hollow shatt, by way of which bearing the threaded spindle
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1s mounted in the housing. If the rotationally fixed connec-
tion 1s also mechanically fixed, 1.e. 11 the hollow shaft and
the threaded spindle are fastened to one another, this bearing,
1s also used 1n a techmically simple manner to support the

hollow shaft.

An absolute rotary encoder 1s preferably arranged on the
threaded spindle on the side of the rotationally fixed con-
nection facing away from the hollow shatt. In this way, a
determination of the position of the extension tube 15 pos-
sible without a path measuring system.

Preferably, on this side of the rotationally fixed connec-
tion facing away from the hollow shaft, adjacent to the
rotationally fixed connection there 1s first the bearing, then
the holding brake, and finally the absolute rotary encoder.

A (further) bearing, preferably a floating bearing, prefer-
ably a ball bearing or cylindrical roller bearing, by way of
which the hollow shaft 1s supported in the housing, 1s
preferably arranged on the outer circumierence of the hol-
low shait at an end portion of the hollow shaft facing away
from the rotationally fixed connection. If the rotationally
fixed connection 1s also mechanically fixed, 1.e. 11 the hollow
shaft and the threaded spindle are fastened to one another,
this bearing 1s also used 1n a technically simple manner to
support the threaded spindle.

In particular the electric motor and the threaded drive
(threaded spindle and threaded nut) and the extension tube
and the two bearings are preferably arranged coaxially. A
laterally protruding electric motor and resulting imbalances
or torques for the receptacles and bearings are thus pre-
vented. Furthermore, it 1s advantageous 1f further compo-
nents, for example the two housing tubes and/or the rota-
tionally fixed connection and/or the spindle support and/or
the plain bearing arranged between the extension tube and
the housing tube and/or the holding brake are also coaxial.
This prevents imbalances or torques for the receptacles and
bearings.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s a view of a linear actuator according to an
embodiment of the present disclosure 1n a retracted state of
the extension tube thereof;

FI1G. 2 1s a sectional view of the embodiment of the linear
actuator from FIG. 1;

FIG. 3 1s an enlarged detail of the sectional view from

FIG. 2.

DETAILED DESCRIPTION

An embodiment of the present disclosure 1s described
below on the basis of the drawings.

FIG. 1 shows the embodiment of the electromechanical
linear actuator, which can also be reterred to as an electric
cylinder, in a perspective view. In the shown retracted state,
a distance between two ball joints 11 1s minimal. A housing
fixedly connected to one of the two ball joints 11 (left-hand
in FIG. 1) consists substantially of two housing tubes 2, 4
having different diameters. A further ball joint 11 (right-hand
in FIG. 1) 1s linearly movable relative to the housing.

In relation to the second housing tube 4, the first housing
tube 2 has a reduced diameter and an increased length. An
clectrical connection 12 1s formed on the second housing
tube 4.

FIG. 2 shows the embodiment of the linear actuator
according to FIG. 1 1 a sectional view. Numerous and
essential components of the drive are arranged in the second
housing tube 4, while an extension tube 9, and a threaded
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spindle 7 therein, are substantially arranged in the first
housing tube 2. The extension tube 9, the rotation of which
1s prevented, 1s fixedly connected to one of the two ball
jomts 11 and can be extended from the first housing tube 2.
The threaded spindle 7 rotates for this purpose and 1s not
moved linearly. A spindle support 10 holds an end portion
(right-hand in FIG. 2) of the threaded spindle 7 concentri-
cally 1in the extension tube 9 and thus allows the rotation of
the threaded spindle 7 in the extension tube 9 and the linear
movement (working stroke) of the extension tube 9 relative
to (the end portion of) the threaded spindle 7. The spindle
support 10 can thus also be referred to as a sliding stroke
bearing.

Furthermore, 1n order to allow the linear movement (the
working stroke) of the extension tube 9 relative to the end
portion of the stationary first housing tube 2, a plain bearing
16 1s provided between these components.

FIG. 3 shows the interior of the second housing tube 4 1n
an enlarged view. An electric motor 3 designed as a hollow
shaft motor and a threaded drive designed as a planetary
(roller) screw drive are arranged 1n the second housing tube
4. More precisely, viewed radially from the outside to the
inside, first there are windings 3a of the electric motor 3,
then a hollow shaft 1 of the electric motor 3, then a
sleeve-like main body 86 of a threaded nut 8, then roller-
shaped planets 8a of the threaded nut 8, and, furthest from
the outside, the threaded spindle 7. A radial distance 1s
provided between the hollow shait 1 and the main body 856
ol the threaded nut 8.

The main body 85 of the threaded nut 8 1s fixedly
connected to an end portion of the extension tube 9. The
assembly consisting of the threaded nut 8 and the extension
tube 9 and the ball joint 11 1s movable only linearly.

The hollow shatt 1, at the end portion thereof facing away
from the first housing tube 2, 1s connected to the threaded
spindle 7 by way of a rotationally fixed connection 14. A
positive-1it element 14a on the hollow shaft side and a
positive-fit element 145 on the spindle side of the rotation-
ally fixed connection 14 are designed and fastened to one
another 1 such a way that the hollow shaft 1 and the
rotationally fixed connection 14 and the threaded spindle 7
form a flexurally rigid rotatable assembly.

The bearing of the rotating assembly consisting of the
threaded spindle 7, the rotationally fixed connection 14 and
the hollow shait 1 can be mounted 1n the housing using only
two bearing pomts due to the flexurally rigid design. For
this purpose, in the embodiment shown, a floating bearing 3
arranged on the end portion of the hollow shaft 1 and a fixed
bearing arranged on the threaded spindle 7 are provided. The
fixed bearing 1s formed from two tapered roller bearings 6 1n
an O-configuration, which 1s clamped against the rotation-
ally fixed connection 14 by way of a clamping nut 15.

A holding brake 13 1s arranged adjacent to the clamping
nut 15, by way of which brake the threaded spindle 7 and
thus the entire drive can be fixed relative to the housing,
more precisely relative to the second housing tube 4.

An absolute rotary encoder 17 1s arranged adjacent to the
holding brake 13, at the shait end of the threaded spindle 7.
Thus, a determination of the position of the extension tube
7 1s possible without a path measuring system.

During operation of the embodiment shown, the holding
brake 13 1s released and the electric motor 3 1s activated. The
hollow shait 1 of the electric motor entrains the threaded
spindle 7. The planets 8a of the threaded nut 8 roll on the
outer circumierence of the threaded spindle 7 and move the
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rotationally fixed main body 85 and thus the extension tube
9 fastened thereto relative to the first housing tube 2 and thus
relative to the housing.

Because the retracted position of the threaded nut 8
(shown 1n FIGS. 2 and 3) 1s arranged 1n the interior of the
clectric motor 3, the axial mstallation space requirement of
these components 1s mimimized. Thus, the ratio of the

distance between the two ball joints 11 in the extended state
to the distance between the two ball joints 11 1n the retracted
state (as shown in FIGS. 1 and 2) 1s maximized.

LIST OF REFERENCE SIGNS

1 Hollow shaft

2 First housing tube

3 Electric motor

4 Second housing tube

5 Floating bearing

6 Tapered roller bearing

7 Threaded spindle

8 Threaded nut

8a Planet

856 Main body

9 Extension tube

10 Spindle support

11 Ball joint

12 Electrical connection

13 Holding brake

14 Rotationally fixed connection
14a Positive-fit element on the hollow shaft side
145 Positive-fit element on the spindle side
15 Clamping nut

16 Plain bearing

17 Absolute rotary encoder

What 1s claimed 1s:

1. An electromechanical linear actuator, comprising:

an electric motor having a hollow shatt;

a linearly movable extension tube;

a housing; and

a threaded drive having a threaded spindle and a threaded

nut,

wherein

the threaded spindle 1s coupled to the hollow shait of the
clectric motor via a rotationally fixed connection,

the threaded nut 1s fastened to the linearly movable
extension tube,

in a maximally retracted state of the linearly movable
extension tube, the threaded nut 1s arranged at least
partly 1 an interior of the hollow shaft,

the housing includes a first housing tube with a first
longitudinal extent along an axis of the electromechani-
cal linear actuator, and a second housing tube with a
second longitudinal extent along the axis of the elec-
tromechanical linear actuator,

a bearing 1s arranged 1n the second housing tube on an
outer circumierence of the hollow shait on an end
portion of the hollow shait facing away from the
rotationally fixed connection,

the bearing 1s configured to mount the hollow shaft in the
housing,

the electric motor 1s primarily arranged in the second
housing tube, and
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the first longitudinal extent 1s greater than the second

longitudinal extent.

2. The electromechanical linear actuator according to
claam 1, wherein the extension tube in the maximally
retracted state 1s primarily accommodated 1n the first hous-
ing tube.

3. The eclectromechanical linear actuator according to
claim 2, wherein an end portion of the extension tube facing
away Ifrom the threaded nut 1s guided in the housing by way
of a plain bearing.

4. The electromechanical linear actuator according to
claim 3, wherein:

the plain bearing i1s arranged in or on the first housing

tube, and

the first housing tube has a reduced diameter compared to

the second housing tube.

5. The electromechanmical linear actuator according to
claim 1, wherein the threaded nut has o1l lubrication and 1s
sealed relative to the environment.

6. The electromechanical linear actuator according to
claiam 1, wherein the rotationally fixed connection 1is
arranged (1) at an end portion of the hollow shaft, and (11) 1n
the maximally retracted state of the extension tube, adjacent
to the threaded nut.

7. The electromechanical linear actuator according to
claim 1, turther comprising a spindle support arranged on an
end portion of the threaded spindle facing away from the
rotationally fixed connection, wherein:

the spindle support 1s configured to rotatably mount the

threaded spindle 1n the extension tube, and

the extension tube 1s also guided linearly along the end

portion of the threaded spindle via the spindle support.

8. The electromechanical linear actuator of claim 1,
turther comprising a holding brake arranged on a side of the
rotationally fixed connection facing away from the hollow
shaft,

wherein the holding brake 1s configured to fix the threaded

spindle relative to the housing.

9. The electromechanical linear actuator according to
claim 1, further comprising a bearing arranged on a side of
the rotationally fixed connection facing away from the
hollow shaft,

wherein the bearing 1s configured to mount the threaded

spindle to the housing.

10. The electromechanical linear actuator according to
claim 9, wherein the bearing 1s a fixed bearing.

11. The electromechanical linear actuator according to
claim 1, further comprising a rotary encoder arranged on the
threaded spindle on a side of the rotationally fixed connec-
tion facing away from the hollow shaft.

12. The electromechanical linear actuator according to
claim 1, wherein the rotationally fixed connection includes
a first positive-fit element on a hollow shaft side, and a
second positive-fit element on a spindle side, of the rota-
tionally fixed connection.

13. The electromechanical linear actuator according to
claim 1, wherein:

in the maximally retracted state of the linearly movable

extension tube, the threaded nut 1s arranged completely
in the mterior of the hollow shatt.

14. The electromechanical linear actuator according to
claim 1, wherein the bearing 1s a floating bearing.
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